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Scope of the Muon Upgrade for ATLAS
• To cope with high rates, the readout of the MDT system will be replaced, as well as the 

barrel (RPC) and end-cap (TGC) triggering system 

• To reduce fakes 

• pT selectivity of tracks for the trigger will be improved by integrating MDT information 
into the L1 trigger 

• new sTGC’s will be installed in the inner ring of the big wheel to reduce fakes at high η 
( 2 < |η| < 2.4 ) 

• To extend system lifetime 

• Gas gain in RPC’s will be lowered to meet design limitations (0.3 C/cm2), and new 
RPC’s will be installed in the inner layer of the barrel to maintain trigger efficiency and 
increase acceptance 

• HV and LV power supplies will be replaced to ensure operation of the muon 
spectrometer at the HL-LHC through 2035

Next ➤ US ATLAS Scope
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Scope for US-ATLAS
• To cope with high rates, the readout of the MDT system will be replaced, as well as the 

barrel (RPC) and end-cap (TGC) triggering system 

• To reduce fakes 

• pT selectivity of tracks for the trigger will be improved by integrating MDT information 
into the L1 trigger 

• new sTGC’s will be installed in the inner ring of the big wheel to reduce fakes at high η 
( 2 < |η| < 2.4 ) 

• To extend system lifetime 

• Gas gain in RPC’s will be lowered to meet design limitations (0.3 C/cm2), and new 
RPC’s will be installed in the inner layer of the barrel to maintain trigger efficiency and 
increase acceptance 

• HV and LV power supplies will be replaced to ensure operation of the muon 
spectrometer at the HL-LHC through 2035

Arguably the most important part of the upgrade 

US will replace the MDT readout electronics

Next ➤ MDT Electronics for Phase II3



The MDT Readout Electronics for Phase II

CSM
MDT’sMezzanine

ASDTDC
Sector 
Logic

Hit 
Extraction

Board

Component Function Interested 
Institutions

WBS Labor 
Costs (k$)

Construction 
Costs (k$)

Mezzanine Card Front-end board for the ASD and TDC Arizona 
BostonU 6.5.1 694 2500

ASD Chip 
Amplifier, Shaper, Discriminator

Amplifies, shapes, discriminates incoming MDT signals BNL/Michigan
6.5.2 1600 900

TDC Chip 
Time to Digital Converter

Performs the drift time measurement for the MDT BNL/Michigan 
BostonU

CSM 
Chamber Service Module

Broadcasts timing and control signals to the TDC, and 
collects data from the mezzanine for readout Michigan 6.5.3 1800 1500

Hit Extraction Board Receives, buffers, processes (event building) data from the 
MDT front-end, and interfaces with trigger/DAQ systems Illinois (UIUC) 6.5.4 1375 525

MDT Trigger 
Processor

MDT precision hit information must be integrated into Level-1 
trigger UCIrvine 6.5.5

Total Costs 5469 k$ 5425 k$

Next ➤ Costs and WBS4



The MDT Readout Electronics for Phase II

Component Function Interested 
Institutions

WBS Labor 
Costs (k$)

Construction 
Costs (k$)

Mezzanine Card Front-end board for the ASD and TDC Arizona 
BostonU 6.5.1 685 2858

ASD Chip 
Amplifier, Shaper, Discriminator

Amplifies, shapes, discriminates incoming MDT signals BNL/Michigan
6.5.2 1627 897

TDC Chip 
Time to Digital Converter

Performs the drift time measurement for the MDT BNL/Michigan 
BostonU

CSM 
Chamber Service Module

Broadcasts timing and control signals to the TDC, and 
collects data from the mezzanine for readout Michigan 6.5.3 1838 1380

Hit Extraction Board Receives, buffers, processes (event building) data from the 
MDT front-end, and interfaces with trigger/DAQ systems Illinois (UIUC) 6.5.4 1354 525

MDT Trigger 
Processor

MDT precision hit information must be integrated into Level-1 
trigger UCIrvine 6.5.5

Total Costs 5504 k$ 5660 k$

• From “Open” Phase II Muon Meeting:  Interested institutions required to submit an R&D proposal to myself and L2 R&D 
manager (Anyes Taffard), due first week of August 

• All institutions below have submitted proposals outlining desired R&D/Construction activities and most have submitted 
estimated construction costs (So far, I have only studied the calculated CSM costs in detail) 

• L3 WBS items will correspond to a single deliverable component, and hopefully a single responsible institution ➤ L4 
deliverables will then be prototypes v1, v2, and final production
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From Scoping  
Document

Question - do materials & prototypes count as core costs?

16% 22% 26%US Core Cost Fraction for Muons
Using 5660k$ from previous table 
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WBS

Next ➤ Schedule7



Schedule

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
R&D
Production
Installation Commissioning

CD-0
CD-1

CD-2/
3

TDR

Next ➤ Tasks for CD-0
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Muon Level-2 To-Do’s for CD-0

• Define scope for US Muons 

• Determine institutes who want to be involved 

• Define R&D and rough construction plans for deliverables 

• Determine (and check) costs and schedule  

• Fraction of core-costs ( we are in ballpark of 20% ) but 
need to get more detailed core costs for our projects 

• Prioritize projects under budget scenarios
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